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Abstract
The model of Questions Answering (Q&A) for eLearning is based on 
collaborative learning through questions that are posed by students and their an-
swers to that questions which are given by peers, in contrast with the classical 
model in which students ask questions to the teacher only. In this proposal we 
extend the Q&A model including the social presence concept and a quantitative 
measure of it is proposed; besides it is considered the evolution of the resulting 
Q&A social network after the inclusion of the social presence and taking into 
account the feedback on questions posed by students and answered by peers. The 
social network behaviorwas simulated using a Multi-Agent System to compare 
the proposed social presence model with the classical and the Q&A models.
Keywords: Social presence, social network, eLearning, Q&A Model, Multi-
Agent System.
1. Introduction
Social networking creates online communities where people share interests and activities. While social networking sites like Facebook and Twitter were not developed as educational tools 
they have been eagerly adopted by some educational institutions seeking 
new levels of student engagement and interactivity [1]. Eberhardt[2] notes 
that Facebook is a feature of contemporary student life and transition 
to university can be eased through interactions with numerous online 
communities. Contrary to the negative perceptions of using this very 
popular technology in an educational context, De Villiers [3] found that 
the use of Facebook for academic discussions with postgraduate distance 
learning students enhanced student’s learning and insight.
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The approach here explored is to boost 
the impact of social question answering in 
education for increasing the competence 
level of groups of networked students doing 
question and answering to each other, similarly 
like Quora [4] but in controlled educational 
environments, this is named the not-alone 
experience in a collaborative environment,for 
instance the Q&A model [5] in which 
students pose questions and peers or teacher 
give answers to those questions. When talking 
about online interaction in collaborative 
environments and social networks we 
should consider the social presence which is 
the degree to which a person feels ‘socially 
present’ [6].In order to analyze the behavior 
of the social network within the Q&A model, 
we performed a set of experiments based on a 
Multi-Agent System that allow us to see what 
happen when the social network is static (in 
the Q&A model do not discover new friends), 
or what happen when the social presence of 
each student is considered and if it affects the 
evolution of the social network. 
This document is organized as follows: 
Section 2 describes the background and in-
troduces the social presence measure, in 
section 3 a model for the social presence is 
proposed and its components are described 
and section 4 describes the simulation stages 
in order to check the model; finally the 
results of the experiments and future work are 
presented.
2. A Quantitative 
Measure of Social 
Presence
To include the social presence concept in 
the Q&A model, it is proposed a quantita-
tive measure. Based on Chen, et al. [7], the 
source of social presence could be classi-
fied in: “individual characteristics”, “social 
relationships”, “user interface” and “real time 
interactivity”. According to the characteristics 
mentioned, the social presence features that 
we considered to be includedwithin the Q&A 
model are:
•	 Number	of	Friends	in	the	social	network	
(NFriends)
•	 Time	between	proposing	a	question	and	
getting Answers (TAnswer)
•	 	Satisfaction	measure	with	user	Interface	
(SInterface)
•	 Average	Time	online	(ATimeonline)
The social presence wasincluded in the 
Q&A Model as a vector for every student as 
follows:
              (1)
In Equation 1, the SPvis the Social 
Presence vector.SPv for each student that will 
be compared with an ideal or desirable Social 
Presence vector according to the cosine 
distance [8] and this measure represents a 
value that allows to identifying if a student 
perceives a high or a low level of Social 
Presence.
                                               (2)
In Equation 2, SPvi is the ideal social 
presence vector (target vector), and SPvj is 
the social presence vector of each student.
As a result in Equation 2, Social Presence 
shows a quantitative measure of the so-
cial presence for every student (or agent) 
in comparison with the target vector.  This 
measure is a value between 0 and 1, where 
values near to 0 indicates a low Social 
Presence and values near to 1 indicates a high 
level of Social Presence.
3. Social Presence 
Within the Q&A 
Model
3.1 General description 
In Figure 1, the information handling of 
the process is depicted. There are three lay-
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ers: data, model and output. In the data layer 
there are two inputs: the first one is the 
Social Presence Level (which is measured 
as explained in section 2 with the cosine 
distance) and the second one is a set of 
Questions and Answers. The Social Presence 
Level feeds the Social Presence Model (SP 
Model) and the Questions and Answers feed 
the Questions and Answers Model (Q&A 
Model) located at the model layer. As a result 
of applying the SP Model there is a Social 
Network which represents the output of the 
model and it is involved in the Q&A Model 
in order to generate the final score for the 
Gained Competence Level on the output layer. 
 
Fig. 1. Social Presence Model and Query and Answer 
Model
3.2 Description of each component in 
the model
•	 Social Presence Level. This level is 
calculated for every student by means of 
the cosine distance taking into account the 
issues described in section 2.
•	 Questions and Answers. The list of 
questions posed by students and the 
answers given by peers within a period of 
time, in this case 12 weeks.
•	 SP Model. The Social Presence Model 
takes the social presence level as an input 
and impact the Social Network evolution; 
at the same time affects the Q&AModel. 
In this context, in the work developed 
by Rodrigues,Sabino and Zhou [9] there 
is evidence on how the interaction and 
contacts in social networks enrich the 
work of the student in the learning process: 
“Throughout the learning process, the 
student will be confronted with questions 
and doubts that need clarification. The 
easy access to online social networks will 
allow all people to contact with several 
people. While different people do not work 
in the same problems they share common 
interests and backgrounds, thereby 
facilitating the sharing of information with 
one or both parties”. 
•	 Social Network. The Social Network has 
an initial contact list of n friends and evolves 
through 12 weeks in which questions could 
be:
- Answered by friends of a student: In 
this case, a friend could explain the an-
swersin betterempathetic ways than a 
teacher and with additional efforts to 
make other students understand [10]. 
In our case there is an additional bonus 
in the Gained Competence Level for the 
students who answer.
-  Answered by peer students in the class 
(they are not in the contact list yet): In 
this case, if the person who answers the 
question is not in the contact list of the 
person who ask the question, and there 
is a friendship request previously sent, 
the person who ask the question accepts 
the friendship request and they become 
new friends in the Social Network and 
the contact list of each one is updated. 
 According to the friendship linksamong 
peers, theQuestions and Answers posted 
in the system impact the Social Network 
evolution as well as they are impacted 
by the behavior of students in the Social 
Network. In this sense the research 
developed by Palfreyman[11] remarks the 
importance of the learning behavior when 
people ask colleagues for information and 
cites the research of Garton[12] in which is 
described “how specific relations between 
an individual and his/her acquaintances 
may vary in their content (e.g. their topic 
and focus), their direction (e.g. helping or 
being helped) and their strength (in terms 
of frequency of contact, or of quantity/
Data Model Output
Gained 
Competence
Level 
Social Network
Q&A Model
SP Model
Questions
Social Presence 
Level
Answers
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quality of content). Such relations may 
accumulate over time to form strong or 
weak ties between individuals, which may 
be more or less, multiplex“. Additionally, 
cites the research of Borgatti and Cross 
[13] in which “show how people ask 
colleagues for information based on (a) 
their knowledge  of the other person’s 
expertise, (b) how positively they view the 
other person’s skills, and (c) ease of access 
to the other person...”.
•	 Q&A Model. This model takes into 
account question answering among 
students, so students pose questions that 
peers answer in 12 weeksin contrast with 
a classical model where students ask 
questions only to teachers and have limited 
learning interaction among them [5]. 
•	 Gained Competence Level. This is the 
competence level which varies from 0 to 6, 
according to the Q&A Model. Competence 
is gained when students answer and pose 
questions.
3.3 Model Behaviors
The SP Model and the Q&A Model are 
integrated as a unique model. To achieve this, 
there are some behaviors that managethe 
answering process:
•	 Send friendship request and the Social 
Presence Level. Social Presence Level 
impacts the Q&AModel by means of the 
following condition: If there is a friend-
ship request of student A2 to student A1 
and if Social Presence Level of student 
A1 is larger than social presence level of 
student A2, we assume A1 will accept the 
friendship request of A2. In this sense, 
Social Presence takes importance due to 
the interaction in terms of the visibility 
of students. In relation to this, in [9] is 
proposed that: “The increased visibility 
of student work is very relevant through 
the use of online social networks. This 
increased visibility will improve and 
strengthen social relationships with other 
contacts” [9].
•	 Answer questions and friendship links. 
If student A1 answer the question of 
student A2, and they are friends in the 
Social Network, then student A1 receives 
a bonus point of 0.05 to their Gained 
Competence Level, otherwise, if student 
A2 has sent a friendship request to student 
A1 (which means that in this moment they 
are not friends), student A1 receives only a 
bonus point of 0.025. Finally if A1 and A2 
are not friends and there are not friendship 
request, no one receives any bonus point. 
We decided to assign a bonus point in the 
competence level taking into account the 
theoretical framework proposed by [10], 
in which the authors state that a friend or 
colleague could give you useful information 
about any topic than the information that 
you can find in a web site.
•	 Evaluate other causes. Any other cause 
which is raised from the interaction of the 
students in the social network through 
question posing and answering that impact 
the Social Presence Model.
The simulation of these behaviors is 
performed by a system with a Multi-Agent 
System, which is described in section 4.
4. Simulation Stages 
and Intelligent Agents
Section 4.1 is a brief presentation of the 
developed system and section 4.2 presents 
how the initialization of the social network is 
performed. Also we considered 2 simulation 
stages. The first one is an experiment in which 
a Social Network is initialized witha group of 
8 students (represented by intelligent agents) 
and it is described in section 4.3. The second 
one considers an experiment in which the 
Social Network evolves and it is described in 
section 4.4. 
4.1 Intelligent Agents 
In order to perform the experiments, the 
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system was developed with a group of  8 
agents. As shown in Figure 2, the Multi-
Agent System interacts with the Q&A Model 
by means of four types of agents: student, 
peer, friend and requested friend. Compe-
tence Level, Social Presence and Contact 
List are the main features for the student’s 
agent. The initial Competence Level will be 
updated through the simulation period (12 
weeks), the Social Presence is calculated 
with the proposed quantitative measure and 
the Contact List is updated according to the 
interaction in the Social Network. All of them 
are modified according to the behaviors of 
each agent within the interaction with others.
 On the other hand, the Social Network is 
defined during the process of posing questions 
and answering, and each student’s agent has 
behaviors to achieve this (send friendship 
request, pose and questions).  As is considered 
by Neji and Ammar [14], agents can be 
designed to imitate human behavior, in this 
work agents imitate the behavior of a group of 
students interacting in a social network.
 4.2 Initializing the Social Network
Following the same example of Ermalai 
and de la Rosa [5] there is a stage with 8 
students (which are represented by intelligent 
agents in the experiment), and the Social 
Network is organized by assigning an initial 
number of friends for every agent. As a result 
of initializing theSocial Network we have 
two types of relationships. The first one is a 
bidirectional type, for example whenstudent 
A5 sends a friendship request to another 
student and this student accepts that request.
 The second one is a unidirectional type, for 
example when student A5 sends a request to 
student A7 and this request is not answered. 
In this context, the Social Network works in 
the same way than Facebook, when people 
send friendship request to other person, he/
she have to accept the request in order to 
keep in touch with the other person [15].
Once the initial Social Network has been 
created, with a group of friends for every 
student, and a set of friendship request have 
been sent to others in the Social Network, 
the process of posing questions and answers is 
started. According to[9]when people interact 
and share information, this process “might 
encourage people to learn together, sharing 
Fig. 2.Multi-Agent System Architecture in the model
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views and content relating to the matters in 
question”.
4.3 Experiments with a static social 
network
In this stage, after the Social Network 
initialization, students pose questions and 
peers answer those questions within 12 weeks 
in which no new links in the Social Network 
are created; so at the end of the simulation the 
Social Network structure does no change. In 
this stage the following conditions are taken 
into account:
•	 When	a	student	answers	a	question	posed	
by a friend receives an additional bonus 
point as described in section 3.3 which is 
added to the Gained Competence Level. 
•	 When	a	student	answers	a	question	posed	
by a peer (not a friend), the social rela-
tionship with the peer does not change. 
In this case the interaction by means of 
question posing and answering do not 
create new friendship links.
Figure 3 shows the results of an experiment 
with a static social network. The y-axis in the 
figure represents the Gained Competence 
Level; the x-axis is the time in days (in 12 
weeks) and each line in the stair stepgraph 
shows the evolution of each student. In 
this case we are not considering the Social 
Presence Level yet; it is only a demonstration 
of the behavior in the Social Network and the 
Gained Competence Level of students. 
 Fig. 3. Simulation stage of the static social network
4.4 Experiments with a dynamic Social 
Network
In this stage, once the social network has 
been initialized, students pose questions and 
peers answer the questions within 12 weeks 
in which new links could be created due 
to friendship requests sent to other peers 
which are accepted during the process when 
interaction occurs in the Social Network 
(questions posed are answered by peers). The 
following conditions are taken into account:
•	 If	student	A1	has	sent	a	friendship	request	
to student A2, student A2 has proposed 
a question and student A1 answers the 
question, student A1 receives a bonus 
point of 0,025 to the Gained Competence 
Level and accept the friendship request, 
so there is a new link of friendship in the 
Social Network.
•	 If	 student	A1	and	 student	A2	are	 friends	
and student A1 answers a question pro-
posed by student A2, student A1 receives 
a bonus point of 0,05 to the Gained 
Competence Level.
•	 If	 student	 A1	 and	 student	 A2	 are	 not	
friends and there is not friendship requests 
sent and student A1 answers a question 
proposed by student A2, then bonus point 
are not given to anybody.
Fig. 4. Experimentwith dynamic social network
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As a result at the end of the experiment the 
Social Network structure has been updated 
than the initial structure which means that 
students have new friends that comes from 
the interaction in questions and answers and 
taking into account the social presence level 
of each student. Figure4 shows the results of 
anexperiment with dynamic social network.
5. Discussion and 
Results
The following tables show the results 
obtained in the experiments described in 
sections 4.2 and 4.3, and allow comparing 
the gained competence for every student in 
the end of the experiment. Table 1 shows the 
results obtained at the end of the experiment 
stage with a static social network and table 
2 shows the results obtained at the end of 
the experiment stage with a dynamic social 
network.
According to the results shown in table 1 
and table 2, we observe that the results of the 
dynamic network are better than the results 
obtained in the static network. It is important 
to take into account that a same dataset was 
used for both experiments. From the results 
we can observe that students reach higher 
values of competence with a dynamic network 
which social relationships were raised due to 
the interaction by means of question posing 
and answering. For instance, students A2, 
A3, A5, A6, A7, and A8 obtained better 
results than in classical or Q&A Model. It 
means that in a dynamic social network in 
the context of a learning environment where 
students interact by means of question posing 
and answering, students obtain better results 
in the Competence Level. 
Table 1. Results of the simulation with the static 
network
Table 2. Results of the simulation with the dynamic 
network
On the other hand in table 3 the results 
obtained for the gained competence (after 10 
simulations) are summarized as well as the 
general average in each model. As is shown in 
the general average column, the dynamic social 
network and SP Model has the better result in 
comparison with the others concluding that 
the social presence level and the evolution 
in an social network (we defined this feature 
as dynamic social network) are factors that 
influence in a positive way the eLearning 
process when there is an interaction through 
the question posing and answering strategy.
Table 3. Comparison of the average in gained 
competence level
 
Table 4 shows a comparison of the average 
percentage improvement in the gained 
competence from each model. The results are: 
an improvement of 60.53% in the Dynamic 
SP Model (or Dynamic Social network and 
SP Model) when it was compared with the 
Classical Model; a 10.89% in the Dynamic SP 
Model when it was compared with the Q&A 
Model and a 1.13% in the Dynamic SP Model 
when it was compared with Static Social 
network and SP Model.
Table 4. Average percentage improvement in the 
gained competence from each model
Agents / Students A1 A2 A3 A4 A5 A6 A7 A8 
Gained Competence Level 6.1 4.325 6.1 5.0 6.35 6.2 6.1 5.35 
Agents / Students A1 A2 A3 A4 A5 A6 A7 A8
Gained Competence Level 6.1 4.35 6.425 5.0 6.4 6.225 6.25 5.4 
 Gained Competence Level (average after 10 
simulations)  
Agents 
/Students 
 
Model 
A1 A2 A3 A4 A5 A6 A7 A8 General Average 
Classical Model 5.8 4.5 2.5 2.6 5.5 1.5 5.7 2.5 3.825 
Q&A Model 6.1 6.1 5.1 5.1 6.1 5.1 4.5 6.2 5.5375 
Static Social 
network and SP 
Model  
6.1 6.3 6.3 4.7 6.1 6.55 6.1 6.425 6.0718 
Dynamic Social 
network and SP 
Model 
6.1 6.3 6.3 4.875 6.1 6.9 6.1 6.45 6.1406 
 
Model 
Improvement in 
Gained 
Competence 
Level(%) 
Classical Model 
Q&A Model 44.77% 
Static Social network and SP Model  58.73% 
Dynamic Social network and SP Model 60.53% 
Q&A Model 
Static Social network and SP Model  9.64% 
Dynamic Social network and SP Model 10,89% 
Static Social network 
and SP Model 
Dynamic Social network and SP Model 1.13% 
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6. Conclusions and 
Future work
The quantitative measure of the Social 
Presence Level in each student allows updat-
ing the Social Network, taking into account 
the interaction of students in the network by 
means of question posing and answering from 
the Q&A Model.
The quantitative measure of the social 
presence in the system could be used in or-
der to recommend activities for students that 
have a lower social presence level.
Social Network and Social Presence has 
been integrated with the Q&A Model in order 
to introduce social factors in the collaborative 
learning process.
On the other hand by means of the 
experiments we can observe how the Multi-
Agent System evolves by interacting in a 
social network through question posing and 
answering. As a result of the experiments we 
observed a better performance in the dynamic 
social network (in which is included the social 
presence concept) than the other compared 
models, in terms of the gained competence 
obtained by students.
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